In the present work, strain-specific PCR primers for Lactobacillus rhamnosus Lc 1/3 are described. The randomly amplified polymorphic DNA (RAPD) technique was used to produce potential strain-specific markers. They were screened for specificity by hybridization with DNA from 11 L. rhamnosus strains. A 613-bp RAPD marker found to be strain-specific was sequenced, and a primer pair specific to L. rhamnosus Lc 1/3 was constructed based on the sequence. The primer pair was tested with 11 Lactobacillus species and 11 L. rhamnosus strains and was found to be strain specific. The nucleotide sequence of the specific RAPD marker was found to contain part of a protein encoding region which showed significant similarity to several transposases for insertion sequence elements of various bacteria, including other lactic acid bacterium species.
This study is part of a larger cooperative research project that deals with the employment of probiotics in food: the potential use of dairy products in controlling human gastrointestinal flora. The major aim of the research is the selection of probiotic lactic acid bacteria (LAB), such as Lactobacillus rhamnosus strains, which could be used in dairy products. For this purpose it is very important to be able to identify specifically and unambiguously the particular probiotic LAB strains from clinical fecal and intestinal biopsy specimens and from food samples. Molecular biological identification methods are a powerful alternative to the conservative differentiation of bacteria by plating. They will certainly prove very useful when studying the presence of probiotic strains in vivo.
At the species level there are several reports on specific PCR identification systems for lactobacilli, mainly based on ribosomal genes (4, 9) and the ribosomal intergenic region (21, 29) . These systems are not sensitive enough to differentiate bacteria below the species level. Various molecular typing methods such as restriction fragment length polymorphism, pulsed-field gel electrophoresis, ribotyping, and the random amplified polymorphic DNA (RAPD) technique have been used for finer discrimination of Lactobacillus strains (2, 25, 26) .
The RAPD technique is a PCR-based discrimination method in which short arbitrary primers anneal to multiple random target sequences (31) , resulting in patterns of diagnostic value. RAPD typing has been used for interspecific (5-7, 11) and intraspecific differentiation of Lactobacillus helveticus (10), Lactobacillus sake (3), and Lactobacillus plantarum (16) strains. RAPD-derived identification probes and primers have been described for lactobacilli at the species level (24) , but there are no previous reports on strain-specific identification based on a specific RAPD-derived amplification primer pair. Lucchini et al. (19) have recently reported a primer pair for detecting a Lactobacillus gasseri strain by PCR based on a protein encoding gene.
The applicability of the different typing methods has been demonstrated, but the identification patterns may be difficult to repeat in different tests and laboratories. In addition, there is a need to maintain a substantial comparison data file of identification patterns. To overcome these problems the RAPD technique was chosen as a suitable means by which to reveal the needed polymorphism. This RAPD-based polymorphism (the derived specific markers) was further applied to developing strain-specific PCR primers for putatively probiotic L. rhamnosus strains, which was the aim of this study.
MATERIALS AND METHODS
Bacterial strains. The LAB strains used in the study are presented in Table 1 . Lactobacilli were cultured at 37°C in Lactobacillus broth based on that of De Man, Rogosa, and Sharpe (MRS) (Difco, Detroit, Mich.), and Streptococcus thermophilus was cultured at 37°C in tryptic soy broth (Difco). The putative probiotic strains from Valio Ltd., Helsinki, Finland, and Valtion Tekninen Tutkimuskeskus (VTT) (Technical Research Centre of Finland), Espoo, Finland, had been preselected by these institutes. Reference strains and the L strains isolated from human gastrointestinal tracts were included for comparison purposes.
DNA isolation. Chromosomal DNA was isolated by a phenol-chloroform extraction method as previously described (13) .
RAPD PCR. RAPD was tested with several different random primers, first using only one primer and then two primers in one reaction (multiplex RAPD PCR) to increase the polymorphism. RAPD reactions were performed in a Perkin-Elmer, (Norwalk, Conn.) device (model 9600) with a DyNAzyme DNA Polymerase Kit (Finnzymes, Espoo, Finland). Reaction mixtures (20 l) consisted of 10 mM Tris-HCl (pH 8.8), 3.0 mM MgCl 2 , 50 mM KCl, 0.1% Triton ϫ-100, a 200 M concentration of each deoxynucleoside triphosphate, a 1 M concentration of each primer, 50 ng of bacterial DNA, and 0.12 U of DyNAzyme DNA polymerase. The amplification profile was as follows: 1 cycle of 2 min at 94°C; 40 cycles of 15 s at 94°C, 30 s at 37°C, and 2 min at 72°C; and 1 cycle of 10 min at 72°C. RAPD products were electrophoresed at 100 V in a 1.4% agarose gel.
Hybridization screening of isolated RAPD markers. Potential strain-specific RAPD markers were isolated from agarose gels with a QIAquick gel extraction kit (Qiagen, Hilden, Germany). Isolated markers were labeled with [␣-32 P]dCTP by using a Rediprime Random primer labeling kit (Amersham Life Science, Amersham, United Kingdom). Labeled markers were used as probes in dot blot hybridizations performed on Hybond Nϩ membranes according to the instructions of the manufacturer (Amersham).
Cloning and sequencing of strain-specific RAPD marker. The strain-specific RAPD marker was cloned with a TOPO TA Cloning kit and pCR 2.1-TOPO vector (Invitrogen, Leek, The Netherlands). The sequence of the cloned marker was determined from five clones by a cycle sequencing method with a Circum Vent Thermal Cycle Dideoxy DNA sequencing kit (New England Biolabs, Beverly, Mass.).
DNA analysis of sequenced RAPD marker. DNA sequence was analyzed with DNASIS, and nucleotide and protein sequence homology searches were carried out with FASTA and BLAST programs (1, 14, 22) .
Strain-specific PCR. The PCR conditions for specificity testing were the same as those for RAPD PCR, except MgCl 2 was used at a concentration of 2.5 mM instead of 3.0 mM. The amplification profile was 2 min at 94°C; 35 cycles of 30 s at 94°C, 30 s at 55°C, and 30 s at 72°C; and 10 min at 72°C. The PCR products were analyzed by agarose gel electrophoresis.
Nucleotide sequence accession number. The GenBank accession number for the L. rhamnosus Lc 1/3-specific RAPD fragment is AF063000.
RESULTS
Screening for strain-specific RAPD markers. Several different primers and primer combinations were tested for producing specific RAPD markers (data not shown). The RAPD patterns produced with primers OPL-05, 5Ј-ACGAGGCAC-3Ј (Operon Technologies, Alameda, Calif.), and PL1, 5Ј-ACGC GCCCT-3Ј (primer viii in reference 16), are presented in Fig.  1 . The size of the PCR products obtained with this primer combination varied from Ͻ100 bp to 4.5 kb. In this case the 0.6-kb product of L. rhamnosus Lc 1/3, a RAPD marker considered potentially strain specific, was isolated from the gel for further studies. The isolated RAPD fragments were screened for strain specificity in hybridization tests by using them as probes. The 0.6-kb OPL-05-PL1-produced marker gave signal only with total DNA from L. rhamnosus Lc 1/3 ( Table 1) .
Identity of sequenced RAPD marker. The nucleotide sequence of the RAPD marker for L. rhamnosus Lc 1/3 (Fig. 2) was searched for coding regions and nucleotide and protein sequence homologies. At the DNA level it had a sequence identity (ranging from 90 to 97% in 150 to 360-nucleotide [nt] overlaps) with several human cDNA clones (17, 30) and 98% identity with Pisolithus tinctorius mRNA (27) in a 163-nt overlap. Two open reading frames were found in different frames, 85 (51 to 308 bp) and 42 (419 to 547 bp) amino acids in length. In data bank searches, the whole translated amino acid sequence of the fragment was found to show 51% identity with transposases for Lactococcus lactis insertion sequence IS905 (P35881 [8] ) and S. thermophilus insertion sequence IS1191 (S37549 [15] ), and 44% identity with transposase for L. helveticus insertion element IS1201 (P35880 [28] ). Amino acid identities of Ͼ25% to transposase sequences of other bacterial species were also found.
Specificity of RAPD-derived primer pair. Primer sequences for specific detection of L. rhamnosus Lc 1/3 were selected from the terminal regions of the cloned fragment. The nucleotide sequences for the primers are 5Ј-CTA TTT AGT AAT CAC AGA AAA C-3Ј for Lc 1/3-I and 5Ј-TAA CAG CAG TCT CCA AAT GG-3Ј for Lc 1/3-II. The specificity of the primer pair was tested with DNA from 11 different Lactobacillus species, one S. thermophilus strain, and 11 L. rhamnosus strains (Table 1 and Fig. 3 ). Only L. rhamnosus Lc 1/3 gave a PCR product (ϳ0.6 kb) with this primer pair. The expected size of the amplification product was 595 bp.
DISCUSSION
Production of specific RAPD markers. The RAPD experiments were begun with a single arbitrary primer. To increase the amount of diagnostic fragments, we decided to use two primers in a PCR (multiplex PCR). This clearly helped obtain more RAPD products. Several different random primers and primer combinations were screened. Some of them failed to multiply at all and some were clearly more discriminative than the others (results not shown). Different MgCl 2 concentrations were tested too. Initially the reactions were carried out in 1.5 mM MgCl 2 . However, because raising the concentration of magnesium helped produce more RAPD fragments 3.0 mM MgCl 2 was used thereafter. The ease of the RAPD technique is that if one primer (set) fails to work, new ones can be tried as long as the wanted polymorphism is found.
Screening of possible strain-specific RAPD markers. Potential strain-specific RAPD products for different L. rhamnosus strains (obtained with different primer combinations) were isolated from agarose gels. Their size varied from about 0.6 to 2.2 kb. To verify the specificity of isolated RAPD markers dot blot hybridization was performed with DNA from 11 different L. rhamnosus strains. Some RAPD markers considered specific also hybridized with DNA from other strains. This has been 
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also previously reported (12) , and the probable reason is that polymorphism may arise from point mutations at primer binding sites. In hybridizations with the OPL-05-and PL1-produced fragment, only target strain L. rhamnosus Lc 1/3 gave a signal (data not shown). Nucleotide sequence of specific RAPD marker. When homology searches of the data banks for the 1/3 RAPD fragment were carried out, DNA similarities of variable length were found in the region from 11 to 537 bp (Fig. 2) . Surprisingly, most of them were human cDNA clones (accession no. T20198, R15515, and R15561 [17, 30] ), but in some entries (Z13357 and Z13486) it was stated that the data library contains a significant proportion of sequences of yeast and bacterial origin. Another sequence identity was found to a cDNA clone of a symbiont fungus, P. tinctorius (L38789 [27] ). The similarity of the sequences suddenly ends at nt 537 (Fig. 2) of the Lc 1/3 RAPD fragment, even though the similarity seems to continue among the human cDNA clones. Only a few short homologies (17 to 22 bp) to this part of the fragment were found in databases, which is probably a coincidence. Previously Guédon et al. (15) have found similarities between S. thermophilus transposase and hypothetical translation products of the above-mentioned human cDNA sequences (Z13357 and Z13486). The sequence of the Lc 1/3-specific RAPD fragment contained some typical Lactobacillus genetic elements, such as a ribosome-binding site (RBS) and a putative Ϫ10 region. These elements are also present in the P. tinctorius cDNA sequence, and the RBS is found in a human cDNA sequence. This suggests a eubacterial origin.
At the amino acid level there was strong homology (up to 51% over the 171-amino-acid overlap) with transposases for insertion elements in other bacteria such as L. lactis, S. thermophilus, and L. helveticus (accession no. P35881, S37549, and P35880 [8, 15, 28] ). At the nucleotide level these sequences shows 56 to 59% similarities to the Lc 1/3 RAPD fragment. Thus, the isolated RAPD fragment probably is part of a transposase gene or contains sequence of transposase origin. There are no previous reports on L. rhamnosus transposases or insertion elements, so it might be interesting to sequence outside this RAPD fragment to see if an insertion element could be found. No similarities to published Lactobacillus casei transposase sequences or insertion elements were found. If the RAPD fragment is part of a mobile element, it could move between strains or even species, and this might limit its use as a specific identification tool. The specificity of the primers would need to be extensively evaluated.
Specificity of the RAPD-derived primer pair. In PCR specificity testing with 11 different Lactobacillus species, one S. thermophilus strain, and 11 L. rhamnosus strains only the target strain Lc 1/3 gave a product (Fig. 3) . The optimum salt concentration of the Lc 1/3-specific primer pair was determined to be 2.5 mM MgCl 2 . In order to estimate the stability of the randomly obtained amplification target region, PCR was performed with DNA from Lc 1/3 stock that had been stored frozen for 10 years. A similar PCR result was also obtained with this DNA.
The strain specificity of the Lc 1/3 RAPD fragment may be due to the fact that there is an insertion element present in the chromosome of Lc 1/3 but which is missing in other L. rhamnosus strains. One of the designed strain specific-primers seems to be situated in a putative promoter region of the transposase gene, and the other primer seems to be situated in the gene itself.
With strain-specific primers it is possible to trace a probiotic strain from gastrointestinal tracts. There have been various reports on the recovery of DNA from biopsy and fecal samples (18, 20) . Thus, the molecular biological method would replace time-consuming isolation, selective culturing, and often ambiguous phenotype-based identification of strains of interest.
There is a new report on detecting a probiotic L. gasseri strain by PCR (19) . The primer pair is based on a protein encoding gene, although the specificity tests included only two L. gasseri strains. If there is no data available on the gene sequences of a strain of interest, the RAPD technique can prove to be a very useful tool in providing the needed strainspecific information. The results obtained in this study indicate that it is possible to specifically identify a bacterial strain with PCR primers which are derived from RAPD markers. The information needed can be gained in a relatively short time. In the future we will continue to develop strain-specific PCRprimers for other particular probiotic Lactobacillus strains too.
